
llllllllllllllIllIlllllllllllllllllil||||||||l|llllllllllllllllllllllllllll 
' US005193219A 

Umted States Patent [191 1111 Patent Number: 5,193,219 
Tamura [45] Date of Patent: Mar. 9, 1993 
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the reference voltages supplied to the ?rst gain control 
driver as corresponding to the power setting of the 
transceiver. 
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VEHICULAR POWER BOOSTER CIRCUITRY FOR 
MULTI-LEVEL PORTABLE TRANSCEIVER 

BACKGROUND OF THE INVENTION 

The present invention relates generally to mobile 
communications system, and more speci?cally to vehic 
ular power booster circuitry for a duplex multi-level 
portable radio transceiver. 
A mobile radio transceiver as shown and described in 

US. Pat. No. 4,636,741 has a portable radio transceiver 
and a vehicular adaptor having an antenna. When the 
portable transceiver is used in the vehicle, it is coupled 
to the adaptor to enable it to amplify the signal from the 
transceiver and transmit it from the antenna of the adap 
tor, instead of from the antenna of the transceiver. 
When the transceiver is used outside of the vehicle, it is 
disconnected from the adaptor and operates on a built 
in battery to transmit signals from the transceiver an 
tenna. A power control driver is provided in the trans 
ceiver unit to set its output power at one of several 
predetermined power levels. When the transceiver is 
operated on the adaptor mode for boosting power, the 
power level established in the transceiver is communi 
cated to the adaptor in the form of an encoded signal. 
Therefore, the adaptor must be provided with a costly 
decoding circuit to receive the power level identi?ca 
tion code to set the booster power level corresponding 
to the level set by the transceiver. Since the prior art 
transceiver has an antenna of its own and can generate 
suf?cient power for direct transmission from the an 
tenna, it can be used with a high degree of freedom 
outside of the vehicle. However, the circuitry for gen 
erating the necessary power for direct transmission 
from the transceiver occupies extra space and adds to its 
weight. It may be desirable that the transceiver be less 
bulky and unwieldy for use inside of the vehicle if there 
is no need to use it outside of the vehicle with the ?exi 
bility of the prior art. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a low cost vehicular power booster circuitry 
for a multi-level portable transceiver wherein the 
amount necessary for correction is reduced. 
According to a ?rst aspect of this invention, there is 

provided a mobile radio transceiver which has a porta 
ble transceiver and a vehicular power booster. The 
portable transceiver generates a radiofrequency trans 
mit signal and sets the power of the signal at one of 
several predetermined power levels. The vehicular 
power booster is coupled by a connecting cable to the 
portable transceiver to receive the RF transmit signal, 
and includes a ?rst power detector for detecting the 
power of the RF transmit signal from the portable trans 
ceiver. A reference voltage source is provided for gen 
erating a set of reference voltages respectively repre 
senting the predetermined power levels. A decision 
circuit is provided for identifying one of the reference 
voltages as corresponding to the power detected by the 
?rst power detector. A variable-gain controlled power 
ampli?er stage ampli?es the RF transmit signal and 
applies it to a vehicle antenna. A second power detector 
detects the power of the power-ampli?ed RF signal. A 
gain control driver is responsive to a difference between 
the power detected by the second power detector and 
the identi?ed reference voltage for controlling the gain 
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2 
of the power ampli?er stage so that the difference re 
duces to a minimum. 
According to a second aspect of this invention, the 

vehicular power booster has a ?rst, variable-gain con 
trolled ampli?er stage for amplifying the RF transmit 
signal received from the transceiver. A ?rst detector is 
connected to the output of the ampli?er to detect an 
average voltage of the ampli?ed RF transmit signal. A 
?rst gain control driver is responsive to a ?rst difference 
between the detected average voltage and a preselected 
reference voltage for generating a gain control voltage 
and applying it to the ?rst ampli?er stage so that the 
?rst difference reduces to a A reference volt 
age source generates multiple reference voltages re 
spectively representing the predetermined power levels 
of the transceiver. Since the gain control voltage is 
variable with the power setting of the portable trans 
ceiver, a decision circuit uses this to determine which 
one of the reference voltages the transceiver’s power 
setting corresponds to. A second, variable-gain con 
trolled, class C power ampli?er stage is provided for 
further amplifying the output of the first ampli?er stage 
for application to a vehicle antenna. A power detector 
is connected to the output of the second ampli?er stage. 
A second gain control driver is responsive to a second 
difference between the detected power and the identi 
?ed reference voltage for controlling the gain of the 
second ampli?er stage so that the detected power sec 
ond difference substantially reduces to a minimum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in further 
detail with reference to the accompanying drawings, in 
which: 
FIG. 1 is a block diagram of a mobile radio trans 

ceiver according to a ?rst embodiment of the present 
invention; and 
FIG. 2 is a block diagram of a mobile radio trans 

ceiver according to a second embodiment of the present 
invention. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, there is shown a mobile 
radio transceiver according to a ?rst embodiment of the 
present invention. The radio transceiver has a hand 
held portable transceiver unit 10 and a vehicular power 
booster unit 20 which is permanently mounted in a 
vehicle and coupled by a connecting cable 18 to the 
portable transceiver unit. Connecting cable 18 has a 
suf?cient length to allow users to leave the vehicle 
while carrying the hand-held unit 10. Transceiver 10 
has a radio-frequency (RF) transmitter 11 which ampli 
?es signals from a microphone 14, modulates it upon a 
radio-frequency carrier and ampli?es the modulated 
carrier by a power amplifying stage for coupling 
through connecting cable 18 to power booster 20. The 
gain of the power amplifying stage of transmitter 11 is 
controlled by a controller 12 so that the power of radio 
frequency transmit signal is set at one of several prede 
termined power setting levels. Usually, the difference 
between adjacent transmit power levels of the booster is 
speci?ed as 4 dB, but it is suf?cient to ensure a 2-dB 
difference between adjacent power levels at the output 
of transceiver 11. To controller 12, a keypad 16 is con 
nected for dialing, power control and numeric data 
entry purposes. A radio-frequency receiver 13 is also 
coupled through connecting cable 18 to power booster 
20 to receive RF receive signal from power booster 20 
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for reproduction by a speaker 15. All active modules of 
the portable unit 10 are powered by a battery 17 pro 
vided therein. 

Vehicular power booster 20 includes a transmit ?lter 
21 that separates the RF transmit signal from transmit 
ter 11 from the RF receive signal and applies the sepa 
rated transmit signal to a variable-gain controlled 
power ampli?er stage 22, which ampli?es the RF trans 
mit signal with a variable gain which is controlled by a 
gain control driver 27. The ampli?ed RF transmit signal 
from ampli?er stage 22 is passed through a transmit 
?lter 23 to an antenna 34 for transmission to a station 
that is connected to a public switched telephone net 
work. 
To the output of transmit ?lter 21 is connected a 

power detector 30. This detector has a recti?er 30a and 
an integrator 30b, and applies an average voltage repre 
sentative of the power of the RF transmit signal to 
comparators 25-1 to 25-N. A reference voltage source 
24 is provided for generating N reference voltages re 
spectively representing the predetermined power levels 
established by the transceiver unit 10. The reference 
voltages are respectively applied to comparators 25-1 to 
25-N in which the power-representative voltage from 
detector 30 is compared with each reference voltage to 
identify one of the reference voltages as corresponding 
to the detected power. The outputs of comparators 25-1 
to 25-N are connected respectively to control inputs of 
switches 26-1 to 26-N to allow the identi?ed reference 
voltage to be passed to a ?rst control input of gain 
control driver 27. A power detector 28 of the same 
circuitry as power detector 30 is connected to the out 
put of power ampli?er stage 22 to supply a voltage 
representative of the power of the power-ampli?ed RF 
transmit signal to a second control input of gain control 
driver 27. 
Gain control driver 27 controls the gain of power. 

ampli?er stage 22 in a negative feedback loop so that the 
difference between the reference voltage identi?ed by 
one of the comparators 25 and the power detected by 
power detector 28 is minimized. In this way, the output 
power of ampli?er stage 22 is automatically adjusted to 
an ampli?ed version of the power level originally set by 
transceiver 10. 

Vehicular power booster 20 further includes a re 
ceive ?lter 31 coupled to antenna 34 to separate the RF 
receive signal from the RF transmit signal. The output 
of ?lter 31 is ampli?ed by a preampli?er stage 32 and 
passed through another receive ?lter 33 and connecting 
cable 18 to receiver 13. All active modules of the power 
booster are powered from a voltage stabilizer 35 cou 
pled to a vehicle battery 36. Therefore, the power drain 
units of the mobile radio transceiver are separated from 
the portable unit 10 to make it lightweight and easy to 
handle with a smallest possible number of lines bundled 
into the connecting cable 18. With the power level 
detection technique using circuits 28 and 30 of recti?er 
lintegrator con?guration, portable unit 10 and power 
booster 20 can be implemented without the requirement 
of complex coding and decoding circuitry. 

If power ampli?er stage 22 is implemented with a 
class C ampli?er, it is desirable that the input level of 
the ampli?er is maintained constant regardless of the 
power level setting of transceiver 10. In addition, when 
cable 18 is extended to fullest length it is desirable to 
minimize effects caused by noise which is introduced to 
cable 18 by electromagnetic coupling from the vehicle 
engine. 
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4 
In a modi?cation shown in FIG. 2, a class C power 

ampli?er stage 220 is used and a gain-controlled voltage 
ampli?er stage 40 is provided between the ?lter 21 and 
power ampli?er stage 22a to amplify the voltage level 
of the RF transmit signal. A voltage detector 41 of the 
same circuitry as power detector 30 of FIG. 1 is con 
nected to the output of voltage ampli?er stage 40 to 
generate a signal representative of an average voltage of 
the voltage-ampli?ed RF transmit signal. A gain con 
trol driver 42 is provided to produce a gain control 
voltage that controls the gain of voltage ampli?er 40 in 
a negative feedback mode in response to a difference 
between the output of voltage detector 41 and a prese 
lected reference voltage supplied from a voltage source 
24a. In this way, the difference is and the 
output voltage of ampli?er 40 is maintained constant at 
a level appropriate for the operation of power ampli?er 
stage 220. 

Since the gain control voltage of the driver 42 is 
inversely variable with the power setting of transceiver 
10, it is applied to comparators 25-1 to 25-N for compar 
ison with reference voltages generated by voltage 
source 24a. One of the comparators 25 will produce an 
output to indicate that the corresponding reference 
voltage as corresponding to the transceiver’s power 
setting and to operate the associated switching gate 26. 
A second reference voltage source 29 is provided for 
generating a set of second reference voltages which are 
appropriately established for the operation of gain con 
trol driver 27, ‘but correspond respectively to those 
generated by voltage source 24a. The second reference 
voltages are supplied to switching gates 26-1 to 26-N. 
One of these voltages is passed through the operated 
switching gate to gain control driver 27 to permit it to 
drive the class C ampli?er stage 22a in a negative feed 
back mode so that the difference between the reference 
voltage and the output of power detector 28 is mini 
mized. The output of power ampli?er 22a corresponds 
to the power setting of transceiver 10. 

If noise impulses are introduced to the connecting 
cable 18, the negative feedback operation by voltage 
detector 41 and gain control driver 42 performs a 
smoothing action on the noise, stabilizing the booster’s 
output power level. 
The foregoing description shows only preferred em 

bodiments of the present invention. Various modi?ca 
tions are apparent to those skilled in the art without 
departing from the scope of the present invention which 
is only limited by the appended claims. Therefore, the 
embodiments shown and described are only illustrative, 
not restrictive. 
What is claimed is: 
1. A mobile radio transceiver comprising: 
a portable transceiver comprising a transmitter for 

generating a radio-frequency (RF) transmit signal, 
manual power setting means for setting said trans 
mit signal at one of predetermined power levels 
and a receiver for receiving an RF receive signal; 
and 

a vehicular power booster coupled by a connecting 
cable to said portable transceiver to receive said 
RF transmit signal, comprising: 
?rst power detector means for detecting the power 

of the RF transmit signal received from the por 
table transceiver; 

voltage setting means for generating reference 
voltages respectively representing said predeter 
mined power levels; 
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decision means for identifying one of said reference 
voltages as corresponding to the power detected 
by said ?rst power detector means; 

gain controlled power amplifying means for ampli 
fying said RF transmit signal and applying the 
power-ampli?ed RF transmit signal to an an 
tenna; 

second power detector means coupled to the out 
put of said power amplifying means for detecting 
power of said power-ampli?ed RF transmit sig 
nal; and 

gain control means responsive to a difference be 
tween the power detected by ‘said second power 
detector means and said identi?ed reference 
voltage for controlling the gain of said power 
amplifying means so that said difference is re 
duced to a minimum. 

2. A mobile radio transceiver as claimed in claim 1, 
wherein said identifying means comprises: 
comparator means for detecting a correspondence 
between the power detected by said ?rst power 
detector means and one of said reference voltages 
to produce an output; and 

selector means for selecting one of said reference 
voltages in response to the output of said compara 
tor means and applying the selected reference volt 
age to said gain control means. 

3. A mobile radio transceiver as claimed in claim 1, 
wherein said portable transceiver is powered by a bat 
tery provided in said portable transceiver, and said 
vehicular power booster is powered by a vehicle bat 
tery. 

4. A mobile radio transceiver as claimed in claim 1, 
wherein said vehicular power booster further includes a 
?lter having a passband for ?ltering a signal received by 
said antenna and destined for said mobile radio trans 
ceiver and a preampli?er stage for applying an ampli 
?ed version of the output signal of said ?lter to the 
receiver of said portable transceiver through said con 
necting cable as said RF receive signal. 

5. A mobile radio transceiver comprising: 
a portable transceiver comprising a transmitter for 

generating a radio-frequency (RF) transmit signal, 
manual power setting means for setting said RF 
transmit signal at one of predetemiined power 
levels and a receiver for receiving an RF receive 
signal; and 

a vehicular power booster coupled by a connecting 
cable to said portable transceiver to receive said 
RF transmit signal, comprising: 

?rst, gain controlled amplifying means for amplifying 
the RF transmit signal received from said portable 
transceiver; 

?rst detector means coupled to said ?rst amplifying 
means for detecting an average voltage of the am 
pli?ed RF transmit signal; 

?rst gain control means responsive to a ?rst differ 
ence between the detected average voltage and a 
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voltage setting means for generating second refer 

ence voltages respectively representing said prede 
termined power levels of said transceiver; 

decision means for identifying one of said second 
reference voltages as corresponding to said gain 
control voltage of said ?rst gain control means; 

second detector means coupled to said second ampli 
ifying means for detecting power of the power 
ampli?ed RF transmit signal; and 

second gain control means responsive to a second 
difference between the power detected by the sec 
ond detector means and the identi?ed, second ref 
erence voltage for controlling the gain of said sec 
ond, power amplifying means so that said power 
detected by the second detector means corre 
sponds to the power level of said portable trans 
ceiver. 

6. A mobile radio transceiver as claimed in claim 5, 
v wherein said portable transceiver is powered by a bat 
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?rst reference voltage for controlling the gain of 60 
said ?rst amplifying means with a gain control 
voltage so that said detected average voltage is 
maintained at a constant value; 

second, gain controlled, class C power amplifying 
means coupled to said ?rst amplifying means for 
further amplifying said ampli?ed RF transmit sig 
nal and applying the power-ampli?ed RF transmit 
signal to an antenna; 

65 

tery provided in said portable transceiver, and said 
vehicular power booster is powered by a vehicle bat 
tery. 

7. A mobile radio transceiver as claimed in claim 5, 
wherein said vehicular power booster further includes a 
?lter having a passband for ?ltering a signal received by 
said antenna and destined to said mobile radio trans 
ceiver and a preampli?er stage for applying an ampli 
?ed version of the output signal of said ?lter to the 
receiver of said portable transceiver through said con 
necting cable as said RF receive signal. 

8. A mobile radio transceiver comprising: 
a portable transceiver comprising a transmitter for 

generating a radio-frequency (RF) transmit signal 
and manual power setting means for setting said 
RF transmit signal at one of predetermined power 
levels; and 

a vehicular power booster coupled by a connecting 
cable to said portable transceiver to receive said 
RF transmit signal, comprising: 
power detector means for detecting the power of 

the RF transmit signal received from the porta 
ble transceiver; 

voltage setting means for generating reference 
voltages respectively representing said predeter 
mined power levels; 

decision means for identifying one of said reference 
voltages as corresponding to the power detected 
by said power detector means; 

gain controlled power amplifying means for ampli 
fying said RF transmit signal and applying the 
power-ampli?ed RF signal to an antenna; and 

gain control means responsive to said identi?ed 
reference voltage for controlling the gain of said 
power amplifying means to that output of said 
power amplifying means corresponds to the 
power level of said portable transceiver. 

9. A mobile radio transceiver comprising: 
a portable transceiver comprising means for generat 

ing a radio-frequency (RF) transmit signal and 
manual power setting means for setting said RF 
transmit signal at one of predetermined power 

_ levels; and 
a vehicular power booster coupled by a connecting 

cable to said portable transceiver to receive said 
RF transmit signal, comprising: 
?rst, gain controlled amplifying means for amplify 

ing the RF transmit signal received from said 
portable transceiver; 



7 
detector means coupled to said ?rst amplifying 
means for detecting an average voltage of the 
ampli?ed RF transmit signal; 

?rst gain control means responsive to a difference 
between the detected average voltage and a ?rst 
reference voltage for controlling the gain of said 
?rst amplifying means with a gain control volt 
age so that said detected voltage is maintained at 
a constant value; 

second, gain controlled, class C power amplifying 
means coupled to said ?rst amplifying means for 
further amplifying said ampli?ed RF transmit 
signal and applying the power-ampli?ed RF 
transmit signal to an antenna; 
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8 
voltage setting means for generating second refer 

ence voltages respectively representing said pre 
determined power levels of said transceiver; 

decision means for identifying one of said second 
reference voltages as corresponding to said gain 
control voltage of said first gain control means; 
and 

second gain control means responsive to the identi 
?ed reference voltage for controlling the gain of 
said second, power amplifying means so that 
output of said second, power amplifying means 
corresponds to the power level of said portable 
transceiver. 
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